High-risk human papillomavirus (HPV) infection is strongly correlated with cervical cancer, and persistent high-risk HPV infection is a major risk factor for the development of cervical intraepithelial neoplasia (CIN) that progresses to invasive cervical carcinoma. A previous study reported that 99.7% of patients with cervical cancer were high-risk HPV positive.[@bib1]

Human papillomavirus--based screening yields a 60% to 70% higher detection rate of invasive cervical carcinoma compared with cytology screening.[@bib2] Worldwide large-scale randomized trials, such as Swedescreen,[@bib3] POBASCAM,[@bib4] ARTISTIC,[@bib5] NTCC,[@bib6] and ATHENA[@bib7] recommend that HPV-based screening should be initiated at the age of 30 years (only ATHENA at the age of 25 years).

Hybrid Capture 2 (HC2) assay-based HPV testing has demonstrated a high sensitivity (94.8%--96.4%) but a rather low specificity (86.0%--94.3%) compared with cytology (sensitivity: 56.9%--72.7%, specificity: 91.9%--94.3%) for the detection of CIN2.[@bib8]--[@bib10] Several studies recommend that HPV testing should be the primary modality of cervical cancer screening worldwide.[@bib6],[@bib11]--[@bib14]

In 2011, the Japan Association of Obstetricians and Gynecologists proposed using cytology and HPV testing.[@bib15] In 2012, the guidelines established by the US Preventive Services Task Force, the American Cancer Society, the American Society for Colposcopy and Cervical Pathology, and the American Society for Clinical Pathology also recommended using cytology and HPV cotesting for cervical cancer screening.[@bib13],[@bib16],[@bib17]

With the introduction of conventional cytology in the 1950s, Japan has demonstrated a long history of population-wide cervical cancer screening. In light of new evidence regarding the effectiveness of HPV testing for cervical cancer screening, it is necessary to confirm the diagnostic value of cytology and HPV testing for primary cervical cancer screening and to determine the appropriate age and interval between screenings for a Japanese population. Therefore, we assessed the value of cytology and HPV testing to predict progression to CIN2+ or CIN3+ or invasive carcinoma. This is the first Japanese study to report long-term follow-up data of HPV testing and cytology as a primary screening method. We hope that the results obtained from this study might serve as important evidence to support using HPV testing for primary cervical cancer screening.

MATERIALS AND METHODS
=====================

Study Population
----------------

In total, 5065 women undergoing routine cervical cancer screening via an organized population-based program, conducted at Shimane Prefectural Central Hospital, were enrolled in this prospective observational study between January 2005 and December 2011.

Inclusion criteria were as follows: not being pregnant, having an intact uterus, no prior treatment for CIN, and no prior participation in a clinical trial for HPV treatment or HPV vaccination. All participants provided written informed consent before entering the study. In the baseline phase, all of the women (range, 14--95 years) participated in this study (n = 5065). Most studies to evaluate the effect of HPV testing have not included women 70 years or older. Most guidelines have not also recommended cervical cancer screening for women 70 years or older and women 19 years or younger. Although there is no upper age limit for cervical cancer screening in Japan, only women aged 20 to 69 years were included in the follow-up phase and the subanalysis (n = 4749). This study protocol was approved by Shimane Prefectural Central Hospital Ethical Committee.

Study Design and Interventions
------------------------------

### Baseline Phase

The aim of the baseline phase was to assess the effectiveness of HPV testing as a primary screening modality for young women, younger than 30 years. All women were screened using cytology and HPV testing. After obtaining a brief medical history, cervical samples were collected from the women by obstetricians or gynecologists using a Cervical Sampler brush between January 2005 and December 2006. Conventional Papanicolaou staining results were reported using the 2001 Bethesda System. Abnormal cytology was defined as atypical squamous cells of undetermined significance or worse (≥ASC-US). We used the term high-grade squamous intraepithelial lesion (HSIL) CIN3+ (cytology estimated for CIN3+) as the value of evaluation for abnormal cytology in this study. The HC2 assay (Qiagen, Germantown, MD) was used to test for 13 high-risk HPV types according to the manufacturer's instructions.

### Follow-up Phase

The aim of the follow-up phase was to assess the factors associated with progression to CIN2+ or CIN3+ in women cytology negative at baseline.

Participants with negative cytology at baseline were then followed up until December 2011. Women with low-grade squamous intraepithelial lesion (LSIL) or worse cytology were referred to colposcopy, regardless of HPV test results. In the case of ASC-US cytology, HPV-positive women were also referred to colposcopy, whereas HPV-negative women underwent retesting 1 year later. Women cytology negative and HPV negative were rescreened in 3 years. A panel of 3 pathologists who were blinded to the screening results and participants' information reviewed the histological diagnosis. When the pathologists disagreed about the diagnosis, the final diagnosis was decided on a majority vote. Standard CIN terminology was used for reporting the histology results. Women with a diagnosis of CIN2+ were excluded from the study and given the appropriate treatment or follow-up care. Women with CIN3+ underwent conization.

Statistical Methods
-------------------

In the baseline phase, all women were divided into 7 age groups by decade: younger than 20 years, 20 to 29 years, 30 to 39 years, 40 to 49 years, 50 to 59 years, 60 to 69 years, and 70 years or older. The χ^2^ test was used to investigate differences in high-risk HPV infection rates and HSIL-CIN3+ for each age group.

During the follow-up phase, incidence rates and 95% confidence intervals (CIs) were calculated for CIN (per 1000 person-months) in the HPV-positive and HPV-negative groups, as well as the relative risk of progression to CIN2+ in both groups (95% CI estimation: formula 1). Sample size was determined by the need for a sufficient number in the follow-up phase to adequately evaluate the performance of cytology and HPV testing. This estimate was used, along with published 5-year cumulative incidence rates of CIN3+ (cytology−/HPV+: 5%, cytology−/HPV−: \<0.1%), to arrive at a sample size of approximately 2000 women at a conventional significance level (α = 0.05) and power (1 − β = 0.80). Kaplan-Meier curves were used to investigate progression to CIN2+/CIN3+, and the log-rank test was used to examine difference in rates of progression between the HPV-negative and HPV-positive groups. Finally, to examine risk factors for progression to CIN2+/CIN3+, a Cox proportional hazards analysis was performed.
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Where LN is the natural logarithm
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Thus, *P* \< 0.05 was considered to be statistically significant for all tests. Statistical analyses were performed with Microsoft Excel 2010 and SPSS (IBM SPSS Statistics 20J).

RESULTS
=======

Baseline Phase
--------------

Participants' ages ranged from 14 to 95 years, with a median age of 38 years (n = 5065). The overall HPV-positive rate was 10.5% (95% CI, 9.6%--11.3%; 530/5065), whereas the HSIL-CIN3+ rate was 2.4% (95% CI, 2.0%--2.9%; 124/5065). Table [1](#T1){ref-type="table"} shows the HPV status and HSIL-CIN3+ rates by age group at baseline. The invasive cancer rate was 0.5% (95% CI, 0.3%--0.7%; 24/5065).

Human papillomavirus--positive rates were significantly higher in women younger than 30 years at 20.7% (95% CI, 18.4%--22.9%; 255/1234) compared with women 30 years or older at 7.2% (95% CI, 6.4%--8.0%; 275/3831; *P* \< 0.001) (Table [1](#T1){ref-type="table"}). However, there was no statistical difference for HSIL-CIN3+ rates in the same ages groups, at 2.7% (95% CI, 1.8%--3.6%; 33/1234) and 2.4% (95% CI, 1.9%--2.9%; 91/3831), respectively, *P* = 0.555.

Follow-up Phase
---------------

A total of 4437 women aged 20 to 69 years with normal cytology, negative for intraepithelial lesions or malignancy, and either HPV positive or HPV negative at baseline were followed up. After excluding those lost to follow-up (n = 2054), a total of 2383 women were included in the final analysis. Of these, 15 and 10 women demonstrated progression to CIN2+ and CIN3+, respectively (Fig. [1](#F1){ref-type="fig"}). The age range of the 15 women who developed CIN2+ was 23 to 48 years, with a median age of 33 years. The age range of the 10 women who developed CIN3+ was 26 to 48 years, with a median age of 39 years. A total of 205 women (8.8%; 210/2383) were HPV positive, whereas 2178 women (91.4%; 2.178/2383) were HPV negative. Of the HPV-positive women, 9 women (4.4%; 9/205) and 6 women (2.9%; 6/205) developed CIN2+ and CIN3+, respectively. Of the HPV-negative women (n = 2178), 6 women (0.3%; 6/2178) and 4 women (0.2%; 4/2178) developed CIN2+ and CIN3+, respectively (Fig. [1](#F1){ref-type="fig"}). The differences in both CIN2+ and CIN3+ were statistically significant (*P* \< 0.001).
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When age and HPV status were considered as independent risk factors for progression to CIN2+ and CIN3+, the analysis showed that age was not a risk factor for progression to either CIN2+ (*P* = 0.09) or CIN3+ (*P* = 0.21). However, compared with women who were HPV negative at baseline, women who were HPV positive had a more than 10-fold risk of developing CIN2+ or CIN3+ lesions (ORs, 11.01 \[95% CI, 3.80--32.08\] and 11.30 \[95% CI, 3.05--41.91\], respectively). Thus, HPV status can be considered to be a significant predictor of progression to CIN2+ or CIN3+ (Table [2](#T2){ref-type="table"}).

Risk of Progression to CIN3+/CIN2+
----------------------------------

When CIN2+ was used as the end point, the mean observation period for the HPV-negative and HPV-positive groups was 82.4 months (95% CI, 82.2--82.6 months) and 81.5 months (95% CI, 80.2--82.8 months), respectively. When CIN3+ was used as the end point, the mean observation period for the HPV-negative and HPV-positive groups was 82.4 months (95% CI, 82.3--82.5 months) and 80.4 months (95% CI, 78.8--82.1 months), respectively.

The incidence of CIN2+ and CIN3+ in the HPV-positive and HPV-negative groups is represented using Kaplan-Meier survival curves (Figs. [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}). A significant difference was observed between the HPV-positive and HPV-negative groups in both CIN2+ and CIN3+ (log-rank test), with the HPV-positive group demonstrating a significantly higher incidence of CIN2+ and CIN3+ (*P* \< 0.001).
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Comparison of high-risk HPV infection and HSIL-CIN3+ rates in women younger or older than 30 years
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Assessment of independent risk factors for progression to CIN2+/3+(Cox regression analysis)
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The incidence of CIN2+ was 74.8 (95% CI, 38.1--146.7) per 1000 person-years in the HPV negative group compared with 1258.2 (95% CI, 728.5--2173.2) per 1000 person-years in the HPV-positive group, indicating a 15.9-fold risk of progression to CIN2+ in the latter. Similarly, the incidence of CIN3+ was 49.9 (95% CI, 21.9--113.8) per 1000 person-years in the HPV-negative group compared with 838.8 (95% CI, 428.9--1640.5) per 1000 person-years in the HPV-positive group, once again indicating a 16.1-fold increased risk of progression to CIN3+ in HPV-positive women (Table [3](#T3){ref-type="table"}).
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Comparison of CIN2+/CIN3+ incidence per 1000 person-years at risk
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DISCUSSION
==========

Cervical cancer screening target age groups, testing intervals, and testing methods (the main theme of the present study) should take into account various factors such as differences in HPV type prevalence among countries, quality control, and screening compliance rates. Thus, screening protocols differ among different countries.

The findings of our study are as follows: HPV testing is a useful test for predicting progression to CIN and should be recommended as a primary screening tool. However, screening by cytology alone is appropriate for younger women, those younger than 30 years. There was a high lost-to-follow-up rate (46.3%); therefore, we could not estimate an appropriate screening interval. It may reflect the general low participation rate to cervical cancer screening in Japan. We checked whether participants in the follow-up phase (n = 2383) were representative of the population in the baseline phase (n = 5065) using the χ^2^ test. We found that there were no significant difference between participants in the follow-up phase and the lost-to-follow-up group in age; however, the sample followed up was not representative of the population at baseline because of the significant difference in HPV positive rates. This is the biggest limitation of this study.

Moreover, this was a prospective observational study and did not compare differences in CIN2+, CIN3+ detection rates using primary screening with conventional cytology alone versus HPV testing alone or conventional cytology versus cotesting; thus, the differences in sensitivity could not be analyzed. This study also did not compare differences between cotesting and HPV alone as a primary screening tool.

The results from the present study indicate that younger women have a higher HPV-positive rate, which is consistent with results from studies in other countries.[@bib13],[@bib18]--[@bib20] This phenomenon originates from the fact that HPV, in its natural history, is frequently a transient infection in younger women,[@bib21] which explains the discrepancy in results between cytology and HPV testing. Thus, in younger women, HPV testing yields more false-positive results and is anticipated to decrease the specificity of testing, therefore making HPV unsuitable. Overdiagnosis not only causes mental anxiety on an individual level, but also increases medical costs. Screening with cytology alone is appropriate for younger women.

Although the present study stopped comparing cumulative incidences of CIN2+/3+ after a 5-year period, we believe that more evidence is necessary to determine the extent to which testing intervals can be prolonged for women who are both cytology negative and HPV negative. However, an important issue in Japan is the stagnation of screening uptake rates. While western nations boast uptake rates of 70% to 80%, the uptake rate in Japan is 42.1%.[@bib22] In order to achieve the goal of cervical cancer prevention, cost-effectiveness must be examined, as test precision cannot be further improved at present. Restricting target ages for testing and prolonging testing intervals naturally entails the risk of overlooking cases. However, it is important to minimize the harm caused by overtesting (burden placed on subjects, costs, and squandering of medical care resources) and to maximize the effect of testing within limited costs and medical care resources. In the future, the Japanese cervical cancer screening algorithm will require modeling and reanalyzing based on health economic theories if the HPV vaccination coverage increases.

This study has another minor limitation that has to be discussed. Data were collected from a single center. Therefore, the possibility of bias in terms of regional and population characteristics cannot be ruled out. Shimane Prefecture is located in the Chugoku Region of Japan and has a population of 695,489 (as of February 1, 2015). While Shimane Prefectural Central Hospital is a prefectural flagship hospital with more than 600 beds and provides highly specialized medical care, the hospital also provides routine cervical cancer screening for the region's population base and careful management for cases referred to a colposcopy clinic. Another limitation is that we could not reach a conclusion on the most appropriate age at which HPV testing should be initiated (whether in women ≥30 or ≥25 years); this warrants further study.

There are some previous studies in other countries; however, this is the first Japanese study to report long-term follow-up data of cytology and HPV testing as a primary screening method.[@bib23]

In conclusion, relative risk of progression to CIN2+/CIN3+ was 15.9/16.1 times higher in the HPV-positive group compared with the HPV-negative group in this study. Therefore, whereas women who are HPV positive require more careful management, screening intervals in cytology-negative, HPV-negative women can potentially be extended. Then HPV testing is a useful test for predicting progression to CIN, and it should be recommended as a primary screening tool. However, younger women have a high HPV-positive rate and discrepancy in results from cytology. This discrepancy suggests that HPV-based screening is not appropriate for younger women. It means that screening by cytology alone is appropriate for younger women, younger than 30 years.
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